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NON-INTRUSIVE COUPLING TO SHIELDED POWER CABLE 

J* 

Cross-reference to Related Application 

This application claims priority under 35 U.S.C. § 119 (e) from provisional 
application number 60/224,031, filed August 9, 2000, which is incorporated by reference 
herein in its entirety. 

Technical Field 

The invention relates generally to non-intrusively coupling to shielded power 
cables. More specifically, the invention relates to coupling to power cables for the 
purpose of allowing the power cable to act as a data transmission medium. 



Transmitting data to end users has become the main focus of many technologies. 
Data networks provide the backbone necessary to communicate the data from one point 
to another. Of course, using existing networks, like the telecommunication networks, 
provides the benefit of not having to run new cables, which can create a great expense. 
On the other hand, using existing networks requires that the components that help carry 
the data conform to the requirements of the existing networks. 



Background of the Invention 
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One particular existing network that recently has been used to carry data is the 
electrical power system. This system has the advantage of providing an existing 
connection to every customer premise. The electrical power distribution network 
includes many various divisions and subdivisions. Generally, the electric power system 
5 has three major components: the generation facilities that produce the ele ctric p ower, the 
high- voltage transmission network that carries the electric po wer from each ge neration 



facility to distribution points, and the distribution network that delivers the electric power 
to the consumer. Generally, substations act as the intermediary between the high-voltage 
transmission network and the medium and low voltage distribution network. The 

10 substations typically provide the medium voltage to one or more distribution transformers 
that feed the customer premises. Distribution transformers may be pole-top transformers 
located on a telephone or electric pole for overhead distribution systems, or pad-mounted 
transformers located on the ground for underground distribution systems. Distribution 
transformers act as distribution points in the electrical power system and provide a point 

15 at which voltages are stepped-down from medium voltage levels (e.g., less than 35 kV) to 
low voltage levels (e.g., from 120 volts to 480 volts) suitable for use by residential and 
commercial end users. 

The medium and low voltage networks of the electrical power system have been 
used to establish a data network among the end users. In particular, the medium voltage 
20 network acts as an interface between centralized data servers and the low voltage network 
that connect to the end users. In order to obtain the advantages of using this existing 
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network for transmitting data, however, certain constraints inherent with every power 
distribution system must be overcome. For example, any connections made between the 
medium and low voltage networks, outside of the usual and protected transformer 
interfaces, create concern for the safety of individuals and equipment brought about by 
the possibility of placing medium voltage levels on the low voltage network. Moreover, 
the difficulty of providing power to the equipment necessary to network the end user with 
the medium voltage network must be considered. 

Therefore, it would be advantageous to a technique for safely and effectively 
permitting the power distribution system to transmit data. 

Summary of the Invention 

The invention describes a method and a device- for transporting a signal over a 
power line. The inventive method includes inducing an alternating current (AC) voltage 
from the power line, powering a transceiver device with the induced alternating current 

15 (AC) voltage, communicating the signal with the transceiver device via the power line. 
The method further may include transmitting and/or receiving the signal with an end user 
via the transceiver device. The jtransceiver devi ceLmay b e a fiber optic-based devic e that 
transm its data to the end user over non-metallic fiber optic links. The method may filter 
the induced AC voltage, and separately filter the signal. 

20 The invention further includes a device for transporting a signal over a power line. 

The inventive device includes at least one ferrite core located on an outer insulator of the 
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power line. The ferrite core acts to increase an inductance of the power line. The device 
further includes a transformer device (e.g., a current transformer) located on an outer 
insulator of the power line. The transformer device induces an AC voltage from the 
power line. The device further includes a transceiver that receives power from the 

5 transformer device, and that receives the signal from a conductor external to the center 
conductor. The device may further include an enclosure for housing the ferrite core, the 
transformer device, and the transceiver device. The enclosure may serve to provide a 
ground potential by attaching to the power line at a predetermined distance from a gap in 
the outer insulator of the power line. The transceiver may be a fiber optic transceiver that 

10 is coupled to the external conductor via the gap in the outer insulator of the power line. 
The transceiver also may convert the AC power to a direct current (DC) power. The 
inventive device may include a low-pass filter for filtering the AC power provided by the 
transformer device, and a high-pass filter for filtering the signal provided via the external 
conductor. Both the low-pass and high-pass filter functionality may be incorporated 

1 5 within the transceiver device. 



Brief Description of the Drawings 

Other features of the invention are further apparent from the following detailed 
description of the embodiments of the invention taken in conjunction with the 
20 accompanying drawings, of which: 
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Figure 1 is a block diagram of a typical electrical power system-based 
commxinication^system; 

Figure 2^is a block diagram of a communication system using an electric power 
system to transfer data; 

5 Figure^/provides a basic block diagram of the components necessary to connect 

the medium voltage portion of the system with the low voltage portion. 

Figure ^illustrates a prior art coupling technique; 

/ / 

Figure 5 illustrates a graphical comparative simulation between the coupling 
technique of Figure 1 and the coupling technique according to an embodiment of the 
10 invention; 

Figure 6 illustrates pulse transmission with low capacitance of a prior art lightning 

arrestor, according to the invention; 

Figure y^is^adiagram of a coupler technique, according to the invention; 

Figure 8 is anequivalent circuit coupler technique of Figure 4, according to the 

15 invention; 

Figure 9 illustrates a coupler, according to the invention; 

Figure 10 illustrates reception of bipolar pulses, according to the invention; and 
/ 

Figure 1 1 is a flow diagram of a method for transporting a signal over a power 

/ . 

line, according to the invention. 

20 
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Detailed Description of the Invention 

Power-Based Communication System Overview 

Figure 1 is a block diagram of a typical electrical power system-based 
communication system 100. It should be appreciated that system 100 may include 
5 numerous other components, well known to those skilled in the art. However, the 
components depicted in system 100 and shown for the purposes of clarity and brevity, 
while providing a proper context for the invention. 

As shown in Figure 1 , a power company 120 distributes power over its network to 
a power transformer 102. Power transformer 102 can serve several end users. Power 

10 transformer 102 provides stepped-down voltage to an electric power meter 104, which 
may be located with the end user. Power meter 102 is coupled to various appliances 
106,108, and 110, which may represent any type of residential, commercial or industrial 
electrical equipment. Also, a telephone company 112 provides telecommunication wiring 
over its network directly to the end user. The telecommunication wiring may be in 

15 communication with various devices, including a telephone 1 14, a facsimile machine 
116, and/or a computing device 118. Therefore, Figure 1 provides an overview of the 
two separate systems or networks (i.e„ telecommunications system and power system) 
that serve to a residential, commercial or industrial end user. 

Figure 2 is a block diagram of a communication system using an electric power 
20 system to transfer data. Although the communication system may include numerous 
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other components, well known to those skilled in the art, the system depicted in Figure 2 
is shown for the purposes of clarity and brevity, while providing a proper context for the 
invention. 

As shown in Figure 2, power company 120 delivers electrical power (typically in 
5 ^the-seyefaUdl oyolt range) to a power transformer 102. Power transformer 102 steps the 
voltage level down (e.g., to approximately 110 volts or 120 volts) as required and 
provides power over power line 202 to a power meter 104. Also, power tr^sfonnerJJ2 
provides electrical isolation characteristics. Power is provided from power meter 104 to 
the residential, commercial or industrial end user via internal power wiring 208. A power 
10 line interface device (PLID) 210 is in communication with internal power wiring 208. 
Currently, internal power wiring 208 for a home or business, for example, typically 
supports data rates of up to 100 kilobits per second with 10" 9 bit error rate (BER). 

PLID 210 provides an interface for plain old telephone service (POTS), and data 
through for example a RS-232 port or Ethernet connection. Therefore, an end user may 
15 use PLID 210 to communicate data over power line 292, via internal power wiring 208, 
using telephone 1 14, facsimile machine 116 and/or computer 1 18, for example. 
Although not shown in Figure 2, it should be appreciated that a user can have multiple 
PLID's within any particular installation. 

The connection between power company 120 and power transformer 102 carries 
20 medium voltage levels. This portion of the power system has the least amou nt of n oise 
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and least amount of reflections, and therefore has the greatest potential bandwidth for 
communications. Of course, the low voltage portion of the system must be accessed to 
interface with the end users. Figure 3 provides a basic block diagram of the components 
necessary to connect the medium voltage portion of the system with the low voltage 
portion. 

As shown in Figure 3, a series of power transformers 303-306 connect various 
end users to a point of presence 301 via an aggregation point (AP) 302. AP 302 
communications to centralized servers (e.g., the Internet) via a Point of Presence 301 
(POP). POP 301 may be a computing device capable of communicating with a 
centralized server on the Internet, for example. The connection between POP 301 and 
AP 302 can be any type of communication media including fiber, copper or a wireless 
link. 

Each power transformer 303-306 has an associated Power Line Bridge 307-310 
(PLB). PLBs 307-3 10 provide an interface between the medium voltage on the primary 
side of the transformer with the low voltage on the secondary side of the transformer. 
PLBs 307-310 communicate with their respective PLIDs (e.g., PLID 210 and PLB 310) 
located on the low voltage system. PLBs 307-3 10 employ MV couplers that prevent the 
medium voltage from passing to the low voltage side of the system via PLB's 307-310, 
while still allowing communication signals to be transported between the low voltage and 
medium voltage systems. The medium voltage couplers therefore provide the necessary 
isolation traditionally provided by power transformers 303-306. The invention is directed 
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at a novel technique for transporting signals between the medium voltage system and the 
end users. 



Prior Art Coupling Techniques 

5 Figure 4 is a circuit diagram of a prior art coupling system 400. As shown in 

Figure 4 5 a high- voltage cable 315 is connected to a lightning arrester 402. The term 
"high- voltage" will be used throughout to describe voltage levels on an electric power 
system that are higher than typically provided to the end user. The term "low- voltage" 
will be used throughout to describe voltage levels on an electric power system that are 

10 provided to the end user. Lightning arrester 402 is connected to a ground potential 407 
by means of a grounding rod 403. The connection between high- voltage cable 315 and 
ground potential 407 has a certain inductance value that may be increased by placing a 
ferrite core 404 around grounding rod 403. Also, in practice, lightning arrester 402 
typically has a capacitance value in a range of 1 to 170 picofarads (pf) (as will be 

15 discussed with reference to Figure 5). A transformer device 406 is connected in parallel 
with grounding rod 403 and across ferrite core 404. Transformer device 406 provides 
acts to communicate a data signal from high- voltage cable 3 1 5 to and from transceiver 
405, while providing the necessary isolation from the high voltage carried by high- 
voltage cable 315.. Transceiver unit 405 takes the data signal provided via transformer 

20 406 and transmits and receives data signals from an end user (not shown) or a data server 
(not shown). 
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The prior art technique shown in Figure 4 suffers from many inherent problems. 
First, although not shown in Figure 4, a lightning arrester device must be installed on 
both ends of high- voltage cable 315, thus adversely affecting the real and reactive power 
components provided by high- voltage cable 315. Second, the capacitive value of the 

5 lightning arrester must be close to the high end of the available range (e.g., 1 70 pf) rather 
than to the low end of the range (e.g., 1 pf) so as to ensure that a sufficient signal over a 
wide frequency band is provided to transceiver 405 (as discussed further with reference 
to Figure 5). Third, system 400 represents a dual-pole RLC circuit, and thus exhibits 
significant signal degradation over each frequency interval, a large as compared to a 

10 signal pole circuit. 

Figure 5 provides the graphical results of SPICE (Simulation Program With 
Integrated Circuit Emphasis) simulation of system 100. Figure 5, illustrates the 
limitations of the signal in the frequency domain in the prior art, as compared to the 
invention. In particular, Figure 5 illustrates the attenuation (dB) of a signal over a range 
15 of frequencies (Hz) received by transceiver 106 for various capacitive and resistive 
values that may be provided in system 100, and therefore further illustrates the above- 
mentioned limitations in the prior art. For lines 501-505, a signal source with a 50 ohm 
internal resistance is provided on the high-voltage cable 315. Also, the inductive value 
for system 100 is set at 10 microhenries. 

20 Graphical line 501 illustrates a capacitive value of 1 pf and a resistive value of 

100 ohms. Graphical line 502 illustrates a capacitive value of 1 pf and a resistive value 
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of 1 kiloohm. Graphical line 503 illustrates a capacitive value of 170 pf and a resistive 
value of 100 ohms. Graphical line 504 illustrates a capacitive value of 100 pf and a 
resistive value of 1 kiloohm. As will be discussed in greater detail, graphical line 505 
illustrates the attenuation for frequencies passed by the techniques of the invention. 
5 Graphical line 505 is depicted in Figure 5 for the purpose of comparison with lines 501- 
504. Notably, graphical line 505 permits a wider range of frequencies to pass with less 
attenuation than graphical lines 501-504, over most of the frequencies. 

• As shown in Figure 5, each of lines 501-502 indicate that system 100 causes a 
large attenuationjorfi^uencks that are less than 600 kHz. In fact, lines 501-502 causes 

10 a greater attenuation than line 505 over the entire range of frequencies depicted in Figure 
5. Accordingly, when system 100 uses capacitive values at the lower end of the available 
range (e.g., lpf), attenuation of the signals is great and therefore undesirable. Similarly, 
for line 503-504, where the capacitive values are on the higher end of the range (e.g., 100 
pf), attenuation is great. Moreover, although line 504 (170 pf and 1 kiloohm) provides 

15 less attenuation over a narrow range of frequencies, line 505 may be more beneficial for 
providing a better or equal attenuation over a wider range of frequencies. Accordingly, 
neither high nor low values for system 100 will ensure a uniform coupling in a wide 
frequency band. Also, as depicted with line 504 at a frequency of 4MHz, system 100 
may exhibit resonant behavior at high coupling coefficients. These variations in the 

20 frequency domain can distort the data signal, or at least require additional design 
considerations for system 100 including transceiver 405, for example. Furthermore, 
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comparing lines 501-504 with line 505 indicates that the dual-pole nature of the prior art 
circuit leads to a faster rate of coupling decay at lower frequencies. For example, as 
shown in Figure 5, from 100kHz to approximately 2MHz 5 lines 501-504 exhibit a 12 
dB/octave. This is to be distinguished from the 6 dB/octave decay in line 505 
representing the invention's single-pole characteristics. 

Figure 6 futher illustrates the inadequacy of prior art system 100 by providing a 
graphical representation of one of prior art lines 501-504 in the time domain (as 
compared to Figure 5's depiction in the frequency domain). In particular, Figure 6 
provides a depiction of the distortion that system 100 causes to a rectangular pulse with a 
1 volt and a 100 nanosecond (ns) duration. As shown in Figure 6, even with a generous 
grounding-rod inductance of 1 microfarad (^iF), the inputted rectangular pulse is 
significantly distorted. As will be discussed with reference to Figure 10, the invention 
provides much less attenuation of the inputted signal. 

Finally, because lightning arrester 102 and the grounding rod 103 are connected 
directly to high-voltage cable 315, any surge appearing on high- voltage line 315 (e.g., a 
fault caused by lightning) likely will damage transceiver 105. 
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Non-Intrusive Coupling 

Figure 7 is a diagram of a coupler technique, according to the invention. In 
particular, Figure 7 provides a conceptual diagram of a method for coupling a data 
transceiver to an electrical power line. 
5 High- voltage cable 3 1 5 is shown in Figure 7. High- voltage cable may be a 

commercially available distribution cable, for example a 15kV underground feeder 
available from Okonite, model Okoguard URO. High- voltage cable 315 has a center 
conductor 703. Center conductor 703 typically is a stranded aluminum conductor with a 
rating capable of carrying current at medium voltage levels. Center conductor 703 has 

10 one or more insulative covers (not shown). The insulation on center conductor 703 is 
surrounded by a concentric conductor 704. Concentric conductor 704 typically is found 
on underground distribution feeders, but also may be found on certain overhead 
distribution feeders. Concentric conductor 704 typically does not carry high voltage, but 
acts as a shield to reduce the inducta nce caused by center cond uctor 703. Concentric 

15 conductor 704 also may act to carry the neutral current back to the power source. 

Concentric conductor 704 is surrounded by an outer insulating sleeve (not shown). The 
outer insulating sleeve provides protection and insulative properties to high- voltage cable 
315. High- voltage cable 315 is assumed to be AC-terminated at its ends. 

In accordance with the invention, high-voltage cable 315 may be modified to 

20 facilitate the use of high-voltage cable 3 15 in carrying desired data signals. In particular, 
a shield gap 706 has been cut in concentric conductor 704around the entire periphery of 
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high-voltage cable 315. Shield gap 706 effectively divides concentric conductor 704into 
two parts. In addition, a transceiver 707 is in communication with high- voltage cable 315 
by a connection to concentric conductor 704. It should be appreciated that transceiver 
707 may be a fiber-optic transceiver (as will be discussed further with reference to Figure 
5 6), capable of receiving and transmitting any type of data signal (e.g., radio frequency 
signals). 

The terms "subscriber side" and "transformer side" will be used throughout to 
describe the two sides of high- voltage cable 315 relative to shield gap 706. Subscriber 
side will be used to describe the portion of high- voltage cable 315 to which transceiver 

10 707 is coupled. This is consistent with the fact that the subscriber (i.e., end user) is in 
communication with transceiver 707. Transformer side will be used to describe the 
portion of high- voltage cable 315 to which transceiver 707 is not coupled. This is 
consistent with the fact that the pole-top or pad-mount transformer is coupled to the 
transformer side of high- voltage cable 315. 

15 The ground connection 107 (along with other ground connections along the length 

of high-voltage cable 315 is provided at a distance 1 from the subscribe side of shield gap 
706. High-voltage cable 3 15 has an inductance that depends on the distance 1 from 
ground, as well as other characteristics of high- voltage cable 315 (e.g., diameter and 
distance from ground plane). Inductance L performs a function similar to the inductance 

20 of grounding rod 103 described with reference to Figure 1 . In particular, in order to 
decrease the attenuation of low-frequency signals by coupling technique, inductance L 
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may be increased. Increasing inductance L may be accomplished by placing additional 
ferrite cores 708 along the length of high- voltage cable 10. However, a more complete 
discussion of the placement of the grounding and inductive means is beyond the scope of 
the invention. 

5 The length distance 1 should not be significantly longer than a quarter- wave- 

length at the highest frequency in the transmission band, so as to prevent any resonant 
behavior that may increase transmission attenuation. Because the input reactance of the 
high- voltage cable 315 is proportional to its characteristic impedance, increasing the 
impedance as much as practically possible ensures low attenuation at the low end of the 
10 frequency band. This is further ensured by using a relatively high ratio of the outer and 
inner diameters of high- voltage cable 315, as well as by using ferrite cores 708 with high 
relative permeance (e.g., 8 maxwell/gilbert). 

Figure 8 is a circuit diagram 800 representing the salient properties of the 
components depicted in Figure 7. As shown in Figure 8, the subscriber side and 

15 transformer side of high- voltage cable 315 may be represented by two separate 

impedances, Rs and Rt, respectively, connected in series to each other. Also, inductance 
L, which represents the inductance of high- voltage cable 315 from ground shield 706 to 
ground 107 as discussed with reference to Figure 7, is placed in parallel to impedances Rs 
and Rt. It should be appreciated that in one embodiment, for example, inductance L 

20 depicted in Figure 8 may be represented in practice by an input impedance of a short 
piece of a shortened coaxial line. Finally, the signal source may be represented by a 
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voltage V s and by an internal resistance R. Also, it should be appreciated that signal 
source may be replaced by a signal load that receives a signal. 

It may be assumed that the respective impedances of subscriber side and the 
transformer side (i.e., Rs and R T , respectively) are matched (i.e., equal), and therefore 
may be represented by W, the characteristic impedance of high- voltage cable 315. 
Because of the impedance matching on the subscriber side and transformer side, each 
side carries half of the signal power. As discussed with reference to Figure 5, this 
technique provides an approximately 6dB loss per octave, as compared to the 12db per 
loss octave typically found in the prior art. Also, circuit 800 has a single-pole 
characteristic at lower frequencies, because the frequency response of circuit 800 is 
defined by the "RL" circuit defined by R and L. 

Optimizing the internal resistance of the source (or the load) also may be 
considered. One the one hand, to ensure maximum power in the load, it is desirable to 
match the sources internal resistance with the resistance of the line to which it is 
connected (i.e., 2 W). On the other hand, from the point of view of the subscriber side 
and/or the transformer side, the internal resistance of the source is in series with the other 
cable. Therefore, the reflection created in the cable by the "matched" value of R will be 
1/2, as described by the following reflection coefficient: 

K = (3W-W)/(W + 3W) = l / 2 (1) 
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Because the two of the couplers are intended to be included between the 
terminations at the two ends of the line, and if the RF attenuation of the cable in the 
transmission band is low, it may be desirable to adopt a reasonable trade off. By 
increasing the voltage amplitude of the source V s and lowering its internal resistance R, 
5 the reflections can be brought to a more desirable level. For example, when R = W, the 
reflection coefficient is reduced to 1/3 as follows: 



It should be appreciated that the examples provided by equations (1) and (2) are just one 

possible configuration, and are not meant to be exclusive. In practice, fore example, a 
10 value of K may be chosen with consideration of the attenuation provided by the particular 

characteristics of high- voltage cable 315 so as to keep reflections at an acceptable level. 
Figure 9 provides an example of a coupler, according to the invention. Although 

Figure 9 illustrates the physical configuration of the inventive method, it will be 

appreciated that the invention may be implemented in any number of configurations (e.g., 
15 using various types of enclosures and/or various types of grounding techniques). 

Accordingly, it should be appreciated that Figure 9 provides just one example of a 

coupler contemplated by the invention. 

As shown in Figure 9, high-voltage cable 315 is depicted having center conductor 
703, concentric conductor 704, outer insulating sleeve 915, and shield gap 706. In 
20 addition, a metal enclosure 901 provides the needed uninterrupted way for the power 
current flow to back over the interrupted concentric conductor 704. Also, metal 



K = (2W - W)/(W + 2W) = 1/3 



(2) 
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enclosure 901 also provides the necessary ground connection (described as ground 407 in 
Figures 4 and 7), and it forms an outer shield for a piece of shortened coaxial line that 
may be used to provide inductive shunt impedance (described as L with reference to 
Figures 7 and 8). 

5 High- voltage cable 315 also has a series of ferrite cores 708 on the outer side of 

high- voltage cable 315. Using multiple ferrite cores increases the impedance of 
subscriber side of high- voltage cable 315 with the length 1 (as discussed with reference to 
Figure 7). Also, ferrite cores may increase the equivalent inductance L of the high- 
voltage cable 315, which has the same effect as increasing the impedance. Ferrite cores 
10 708 also may provide a current transforming function. As shown in Figure 9, two of 
ferrite cores 708 have conductors wound around their perimeter to form a transformer 
device 902. Although the invention has been described as using ferrite cores, it should be 
appreciated that other types of cores may be used as well. 

Transformer 902 is coupled to a fiber optic transceiver 903. Fiber optic 
15 transceiver 903 may be a transmitter/receiver pair commercially available from 

Microwave Photonic Systems, part number MP-2320/TX (for the transmitter) and part 
number MP-2320/RX (for the receiver). Fiber optic transceiver 903 is connected to 
transformer 902 over lines 908 and 909. 

In operation, transformer 902 acts to induce an AC current from the high voltage 
20 carried by center conductor 703. The induced alternating current is provided to fiber 
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optic transceiver 903 via lines 908 and 909. In addition to having the transmitter/receiver 
pair, fiber optic transceiver 903 may have circuitry capable of rectifying the AC voltage 
provided by transformer 902 to a DC voltage. The DC voltage may be in a range (e.g., 
12 volts) capable of powering the transmitter/receiver pair in fiber optic transceiver 903, 
5 so as to transmit and receive data to the end user over fiber links 906. Also, fiber optic 
transceiver 903 may have a filtering device (not shown) coupled to lines 908 and 909 so 
as to pass the AC current in a desired frequency range (e.g., 60 Hz using a low-pass 
filter). 

The data provided to and received from the end users is carried back to a central 
10 server (not shown) from fiber optic transceiver 903 via data links 904 and 905. Data 
links 904 and 905 are in communication with concentric conductor 704. Because 
concentric conductor 704 typically is not used to carry high voltage, but acts as an 
inductive shield for high-voltage cable 315, data may be carried to and from the end user 
via concentric conductor 704. Also, fiber optic transceiver 903 may have a filtering 
15 device (not shown) coupled to lines 904 and 905, so as to pass data signals in a desired 
frequency range (e.g. } signals well above 60 Hz using a high-pass filter), while 
preventing other signals from passing onto fiber optic transceiver 903 (e.g., 60 Hz 
power). 

The invention was described using a fiber optic-based transceiver. Using a fiber 
20 optic transceiver provides the necessary isolation to the end user from the medium or 
high voltage on center conductor 703, and therefore ensures the safety of people and 
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equipment. However, it should be appreciated that the invention contemplates the user of 
other types of transceivers, for example, where such isolation is not required. 

It is beneficial to use transmission signals that have very little spectral power 
density at low frequencies, since the transmission network has a zero at DC. 

5 Accordingly, Figure 10 illustrates several received pulse shapes for two successive pulses 
of opposite polarity. In particular, Figure 10 provides a graphical representation of the 
signal strength available with the invention. Pulses correspond to the range of 
characteristic impedances of the stub line from 600 Ohms to 2000 Ohms so as to provide 
minimum intersymbol interference. The transmitted pulses have amplitudes of ± 1 V and 

10 a pulse duration of 7 ns each, with the delay between them equal to 25 ns. As compared 
to the graphical representation in Figure 6, depicting prior art systems, it should be 
appreciated that the invention provides less attenuation of the inputted signal, and over a 
smaller time interval. 

Figure 1 1 is a flow diagram of a method for transporting a signal over a power 
15 line. As shown in Figure 1 1, at step 1 101, an AC current voltage is induced from the 
power line. At step 1 102, the induced AC voltage is filtered, for example, by a low-pass 
filter. At step 1 103, a transceiver device is powered by the induced AC voltage. At step 
1 104, the signal is filtered, for example, by a high-pass filter. At step 1 105, the signal is 
communicated between the transceiver device and the power line. At step 1 106, the 
20 signal is transmitted to an end user via the transceiver device. At step 1 107, the signal is 
received from an end user via the transceiver device. 
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The invention is directed to a method and a device for transporting a signal over a 
power line. The invention occasionally was described in the context underground 
distribution systems, but is not so limited to, regardless of any specific description in the 
drawing or examples set forth herein. For example, the invention may be applied to 

5 overhead networks. Also, the invention was described in the context of medium voltage 
cables, but also includes high voltage cables. It will be understood that the invention is 
not limited to use of any of the particular components or devices herein. Indeed, this 
invention can be used in any application that requires the testing of a communications 
system. Further, the system disclosed in the invention can be used with the method of the 

10 invention or a variety of other applications. 

While the invention has been particularly shown and described with reference to 
the embodiments thereof, it will be understood by those skilled in the art that the 
invention is not limited to the embodiments specifically disclosed herein. Those skilled 
in the art will appreciate that various changes and adaptations of the invention may be 

15 made in the form and details of these embodiments without departing from the true spirit 
and scope of the invention as defined by the following claims. 



